SUMMARY: Knowledge of deep-sea reproductive biology is slight and interpretations of reproductive strategies in deepsea fishes are controversial. Since the Mediterranean is a fairly stable and constant sea, we might expect a consistent pattern of reproduction of deep-sea species. Three gadiforms species with a succesive bathymetric and an ecological and economical importance in the Mediterranean fishing industry, Phycis blennoides, Mora moro and Lepidion lepidion, were selected for the present study. These three species of gadiforms are sexually dimorphic and their reproductive population is located at the lower zone of their bathymetric range. Females were always bigger than males. The smallest mature male was observed at 19, 32 and 18 cm TL (total length) and the smallest mature female at 20, 34 and 20 cm TL for P. blennoides, M. moro and L. lepidion respectively. The three species are iteroparous and females could be all-at-once or batch-spawners. An autumn mature season was observed for P. blennoides, whereas M. moro and L. lepidion had mature individuals all year round except in summer. Hence, physical constancy at greater depths is able to lengthen the reproductive season and the deepest species has a quasi-continuous reproductive pattern. Similar reproductive tissues have been found in the three species studied, and they show analogous structure with other deep-sea gadiforms and their shallow-water congeners.
INTRODUCTION
The reproductive pattern of deep-sea species was considered continuous for many years on the basis of the physico-chemical stability of the deepsea (Orton, 1920) . Nevertheless, research undertaken in the last three decades into the biology of exploited deep-sea fish in Australia (Koslow et al., 1995) , New Zealand (Clark, 1995) , the North Atlantic (Atkinson, 1995; Kelly et al., 1996; Coggan et al., 1999; Allain, 2001) , the North Sea (Bergstad, 1990) , Greenland (Bowering and Brodie, 1995; Albert et al., 2001; Gundersen et al., 2001) and Iceland (Magnússon and Magnússon, 1995; Magnússon, 2001) demonstrates that most of the fish species studied have seasonal spawning. The timing and duration of the spawning peak and the maturity age vary with the different species, the area of distribution of each species and the depthrange of the species in each area. SCI. MAR., Seasonal reproduction in deep-sea species would not be controlled by light and temperature, as occurs in many shallow-water species (cf. Helfman et al., 1997) , but could be controlled by food availability, through organic matter sinking, deep ocean currents or vertical migrations (Gage and Tyler, 1991; Grassle, 1994; Tyler et al., 1994; Young and Eckelbarger, 1994) .
In particular, the Mediterranean Sea is physically fairly constant: isothermal below 200 m (~13 ºC), with high salinity, low oxygen and oligotrophy (Hopkins, 1984) . Despite this constancy, the reproduction pattern in Mediterranean deep-sea species is still controversial. Morales-Nin et al. (1996) observed continuous spawning with a peak in autumn for Alepocephalus rostratus, while D' Onghia et al. (1999 Onghia et al. ( , 2000 and Massutí et al. (1995) found either seasonal or continuous spawning in different species of macrourids.
In the present study we selected three gadiform species, Phycis blennoides (Brünnich, 1768), Mora moro (Risso, 1810) and Lepidion lepidion (Risso, 1820), because they show successive bathymetric distribution along the upper, middle and lower slope, and share morphological and ecological characteristics (Gallardo, 1980; Massutí et al., 1996; Stefanescu et al., 1992; Moranta et al., 1998) . Moreover, P. blennoides is already the object of important fishery exploitation in the Catalan Sea (Massutí et al., 1996) . Although M. moro and L. lepidion are not yet exploited in the Mediterranean because the commercial trawling is mainly restricted to a depth shallower than 700 m, the decline of traditional fisheries on the continental shelf and the improvement of trawling systems towards greater depths might support a potential fishery of these species in the Mediterranean Sea. However, prior to an establishment of a new fishery, it will be necessary to improve biological studies, mainly in reproduction, to avoid overexploitation as occurred in other deep-sea species (Koslow et al., 2000; Clark, 2001) .
There are several papers concerning the bathymetric distribution and biology of the gadiform species in the western Mediterranean (Morales-Nin, 1990 , Stefanescu et al., 1992a , 1992b Massutí et al., 1995; Carrassón et al., 1997; Moranta et al., 1998) , but there is a lack of information concerning their reproduction. P. blennoides spawning and recruitment were studied in the Ionian Sea (EasternCentral Mediterranean) and a restricted reproduction season of about 3-4 months in late autumn-early winter was found . Although some previous studies have suggested autumn recruitment due to a minor spring spawning peak (Lo Bianco, 1909; Cohen et al., 1990; , the important peak in reproduction in the species occurs in autumn-winter . There are no data for the deeper dwelling species M. moro and L. lepidion.
The aims of this study are to describe the reproduction pattern of three gadiform Mediterranean deep-sea species: Phycis blennoides, Mora moro and Lepidion lepidion, in terms of their population structure, seasonal pattern and bathymetric distribution.
MATERIAL AND METHODS
Samples were collected by research vessels from April 1991 to May 1998 and in fishing vessels from April to October 1997 in the Balearic sea around Ibiza Island and off the Catalan coast (approximately 2ºE 40ºN, Fig. 1 ) from trawls carried out between 147 and 1850 metres (Table 1) . Since deep-sea fishing is very complicated and expensive, samples belonging to different cruises were necessary in order to have a representative number of data, and therefore data were processed together.
A total of 3816 P. blennoides, 716 M. moro and 2524 L. lepidion were caught. On board, total length (TL) and standard length (SL) were measured to the cm below, and weighed to the nearest 1 g (Table 2 ).
Their stage of maturity was determined by macroscopic examination of the gonads following the four-point scale (1: immature, 2: early maturation stage, 3: advanced maturation stage, 4: ripe) and gonads were weighed to the nearest 0.1 g. The sex ratio for each size range was tested using a χ 2 -test (Statistica 4.5) with a probability of p<0.05.
On board, 298 gonads were fixed in 10% formaldehyde for 48 h, rinsed in water and stored in 70% ethanol. For the histological analysis a subsample of 99 specimens (TL> 40 cm for P. blennoides and M. moro, and TL> 30 cm for L. lepidion) was taken on the basis of the fishes' gonadosomatic index (calculated by dividing the sum of the components of the gonads by the body weight and multiplying by 100) and the gonad macroscopic observation. A small piece of tissue from the middle of the right gonad was taken. The pieces of the selected ovaries and testes were dehydrated in an ethanol series and embedded in Historesin (Leica). Sections (3 µm) were cut by a Reichert-Jung Microtome and stained with hematoxyline-eosine or periodic acid Schiff.
Over 100 oocytes from each reproductive stage of the three species were measured and counted using an OPTIMAS 6.0 analyser at a magnification of x40, x100 or x200 depending on the stage of development of the gonads. Cell density was calculated by Munk's formula (1965) 
RESULTS
The samples used in this study for the three gadiform species were distributed successively down the continental slope from 147 m to 1850 m (Fig. 2) . The length frequency distributions of the three species studied are shown in Figure 3 . P. blennoides is the biggest species and shows only one modal group while M. moro and L. lepidion have two and three modal groups respectively. Females always attained a longer size than males. The smallest DEEP-SEA GADIFORM REPRODUCTION 159 (Fig. 4) . P. blennoides females only had mature stages in autumn, while mature males were found from summer to early autumn. Mature females of M. moro and L. lepidion were found all year round except in summer. M. moro mature males were found in autumn and spring and L. lepidion mature males in autumn and winter (Fig. 5) . The mature individuals were situated at the lower depth of the bathymetric range of P. blennoides and at intermediate depth in the case of L. lepidion. Mature specimens of M. moro were observed in all its depth distribution, but individuals with mature gonads were only observed at the lower range (Fig. 6) .
The results of the gonad histological study are very similar, so a common description for the three species could be made. Gonads were internal, longitudinal, paired and laid along the gas bladder. The lengths of both gonads were very similar. No histological differences were observed between the left and right gonads or between the anterior and posterior parts of the gonads.
Technical problems made it impossible to study L. lepidion testes. P. blennoides and M. moro had testes with white lobular structure, which grew throughout development. Immature testes showed a rich connective tissue with no reproductive cells visible yet (Fig. 7a) . When mature, the testes were well organised in lobes with each lobe surrounded by connective tissue. Each lobe contained several cysts with germ cells at different stages of spermatogenesis (Fig. 7b) . One specimen of P. blennoides had oocytes in its testis (Fig. 7c) .
The histological characteristics of the ovaries enabled us to determinate four maturity stages for the three species of gadiforms: − Stage I. Immature: the oogonia and oocytes I and II were present. The oocyte I had a large nucleus surrounded by a thin cytoplasm with an intense basophilic substance. This nucleus increased in size and multiple nucleoli appeared generally at its periphery, and then it was named oocyte II.
These ovaries corresponded to slender whitetranslucent thread. − Stage II. Early developing: distinguished by the presence previtellogenic oocytes characterised by a large cytoplasm because of the development of the cytoplasmatic organelles. Oocytes I and II were present as well.
The ovaries were a small orange-pink tube.
− Stage III. Late developing: distinguished by the presence of lipid vesicles that constitute the previtellogenetic oocyte II. Oocytes I and II and previtellogenic oocytes I were present as well.
The ovaries were a long orange-red tube. − Stage IV. Gravid: distinguished by the presence of protein yolk granules that constitute the vitellogenetic oocytes which occupy most of the ovary. Oocytes I and II, previtellogenic oocytes I and II, and vitellogenetic oocytes were present as well.
The characteristics of the ovarian cells for each species are shown in Table 3 and 4. Cell density decreased as the gonads matured. In stage IV of maturity all ovarian cell types occurs but oogonia, and the percentage of previtellogenic oocytes II and vitellogenic oocytes were 4 times greater in P. blennoides than in M. moro. L. lepidion presented the smallest oocytes I and P. blennoides the largest vitellogenic oocytes. P. blennoides and M. moro had immature (Fig. 7d) and well-developed ovaries (Fig.  7e) . L. lepidion only had females in stage II: high atresia was observed in their ovaries (Fig. 7f) . No hydrated oocyte was observed for any species. DISCUSSION P. blennoides, the shallowest species studied (maximum frequency of appearance between 200 and 800 m in this study), reached maturity in autumn while the deepest species M. moro (800-1200 m) and L. lepidion (1000-1800 m) had mature individuals all year round except for summer. Hence, for these species the physical constancy at greater depths in the Mediterranean deep-sea is able to lengthen the reproductive season supporting Orton's hypothesis.
The maturing period observed for P. blennoides confirms the spawning period proposed for this species in the Mediterranean from January to March (Svetovidov, 1986; Cohen et al., 1990; Massutí et al., 1996) . In the Ionian Sea, mature females were caught from November to January and mature males between August and March (Matarresse et al., 1998) . In the western Mediterranean the mature males appear a longer period of time from May to November, while mature females were only seen in autumn. Gordon and Duncan (1985) suggested that spawning of M. moro in the Rockall Trough is in June or July, while Cohen (1986) indicated that M. moro in the Mediterranean is probably a winter or early spring spawner. No reproduction data about L. lepidion have been found in the literature. In the Rockall Trough Lepidion eques had a seasonal reproductive cycle with spawning in April and May (Gordon et al., 1979) .
In the Mediterranean, other gadifirm species living in the upper-middle slope can present a continuous reproductive pattern as in Nezumia sclerorhynchus (D'Onghia et al., 1996 (D'Onghia et al., , 1999 (D'Onghia et al., , 2000 , N. aequalis (Massutí et al., 1995) and Hymenocephalus italicus (Massutí et al., 1995; D'Onghia et al., 1996) , a quasi-continuous strategy with a reproductive peak as in Coelorhynchus coelorhynchus (Massutí et al., 1995; D'Onghia et al., 1996 D'Onghia et al., , 1999 , or a seasonal pattern as in Trachyrhynchus trachyrhynchus (D'Onghia, 1996) . The lower slope macrourid studied, Coelorhynchus labiatus, has an autumn-winter spawning (Massutí et al., 1995) . The DEEP-SEA GADIFORM REPRODUCTION 163 other deep-sea species studied in the area, A. rostratus, with a depth distribution in the lower middle slope, has a high reproductive activity all year round with a peak in autumn (Morales-Nin et al., 1996) . The overview about reproductive biology of deepsea fishes in the Mediterranean cited above and the reproductive studies performed all over the world in deep-sea gadiform species (Bergstad, 1990; Clark, 1995; Koslow et al., 1995; Albert et al., 2001; Allain, 2001; Gundersen et al., 2001; Magnússon, 2001) demonstrate that in this zoological group spawning varies with the different species and their area of distribution. Hence, it is not possible to identify a reproductive tendency for these species. Following Tyler et al. (1994) and Grassle (1994) , the reproductive strategy should be related to changes in feeding. Recently, high concentrations of suspended particles have been related to reproductive processes and the spatial distribution of deep-water benthic shrimps (Puig et al., 2001) . Nevertheless, no seasonal changes in the diet composition of P. blennoides have been noted (Macpherson, 1978) . The three studied species, P. blennoides, M. moro and L. lepidion are dimorphic in size (females larger than males) with sex ratios weighted in favour of females. This can be explained because many slopedwelling fish females become mature when they are reaching their maximum total length and somatic growth slows down (Gordon et al., 1995) . M. moro and L. lepidion have several modal peaks of length. The first mature specimen had a total length corresponding to the beginning of the last peak, as in Coryphaenoides rupestris (Merrett and Haedrich, 1997) . Also in the case of P. blenoides, the length frequency distribution clearly separates the juveniles from the adults indicating a seasonal recruitment, but this is a common feature of many deep-sea fish and invertebrates (Gordon et al., 1995) . This is the first morphological study of the gonads of P. blennoides, M. moro and L. lepidion. The histological results of the reproductive systems of these three species of gadiforms seem to indicate that they are very similar. Cystic spematogenesis was observed in P. blennoides and M. moro, as previously in the North Atlantic specimens of C. rupestris (Alekseyeva et al., 1992) . Testicular aplasia had been described in Merluccius hubbsi (Louge and Christiansen, 1992) . In the present study immature testes also had a large amount of connective tissue, as shown in the cod aplasia. Some intratesticular oocytes were observed in P. blennoides. Many fishes go through a prematurational sex change, differentiating but not maturing first as females, with some individuals later changing to males (Shapiro, 1992) .
In deep-sea gadiforms, the histological characteristics of the ovaries have only been described in C. rupestris (Alekseyeva et al., 1992; Kelly et al., 1996) , Macrourus berglax (Eliassen and FalkPetersen, 1985; Murua and Motos, 2000) , and partially in Nezumia stelgidolepis (Hoff et al., 2000) . The fourth stages of development described here for P. blennoides, M. moro and L. lepidion are homologous at the first stages described in the above mentioned species. However, oil drop coalescence and hydrated oocytes seem to escape our sampling since the mature oocytes measured in the present study were around 300 µm and hydrated oocytes in these macrourids were bigger than 1.6 mm.
Gravid females (stage IV) had only 24% of vitellogenic oocytes for P. blennoides and 6% for M. moro, revealing that oocytes did not exhibit synchronous development. Whether these species are all-at-once or batch-spawners as described in other deep-sea gadiforms (Eliassen and Falk-Petersen, 1985; Alekseyeva et al., 1992; Kelly et al., 1996; Murua and Motos, 2000; Allain, 2001 ) is hard to conclude since the samples belong to different stocks and different years due to their difficulty of extraction.
In conclusion, the shallowest studied species, P. blennoides, shows a seasonal pattern and females seem to be all-at-once spawners while the deepests species, M. moro and L. lepidion, living in a stable and oligotrophic medium, show a quasi-continous reproductive pattern and their females seem to be batch-spawners. Hence, for these species the physical constancy at greater depths is able to lengthen the reproductive season in the Mediterranean deepsea. The deep-sea adaptations include ecological and ethological issues, but the main similarities observed between the morphology of their gonads and the gonads of their shallow-water congeners suggest Grassle's hypothesis (1994) that phylogenetic constraints affect reproduction more than deep-sea adaptations.
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